Research of Multiuser Detection Based on Multicarrier CDMA by 赵大鹏
 
学校编码：10384                 分类号：______密级______ 
学    号：200131003             UDC______________ ______ 
 
学  位  论  文 
 
基于多载波 CDMA 系统中 
多用户检测技术的研究 
Research of Multiuser Detection Based on  
Multicarrier CDMA 
 
赵 大 鹏 
 
指导教师姓名： 席 斌 副教授 
申请学位级别： 硕        士 
专 业 名 称 ： 控制理论与控制工程 
论文提交日期： 2004年 5 月 
论文答辩日期： 2004年 6 月 
学位授予单位： 厦 门 大 学 
学位授予日期： 2004年   月 
 
                     答辩委员会主席：____________   




















































































                声明人（签名）： 














目   录 
 
第一章  绪  论 ...........................................................1 
1．1 移动通信以及新发展 ......................................................... 1 
1．2 宽带 CDMA移动系统空中接口面临的主要问题........... 2 
1．3 高速数据应用的多载波 CDMA技术 ............................... 2 
1．4 多用户检测原理 ................................................................. 3 
1．5 论文结构 ............................................................................. 4 
参考文献 ....................................................................................... 5 
第二章  扩频通信与码分多址技术............................6 
2．1  CDMA扩频通信系统原理及其特点 .............................. 6 
2．1．1  扩频数字通信系统原理....................................... 6 
2．1．2  CDMA扩频通信系统及其特点.......................... 7 
2．2  CDMA系统分析 ............................................................ 10 
参考文献 ..................................................................................... 15 
第三章  多用户检测概述..........................................16 
3．1  多用户检测的信号模型 ................................................. 17 
3．2  传统检测器 ..................................................................... 17 
3．3  最佳多用户检测器 ......................................................... 19 
3．4  线性多用户检测器 ......................................................... 20 
3．4．1  解相关检测器..................................................... 21 
3．4．2  MMSE检测器.................................................... 22 
3．4．3  线性多级检测器................................................. 22 
3．5  非线性多用户检测器 ..................................................... 23 
3．5．1  连续干扰抵消器................................................. 23 
3．5．2  并行干扰抵消器................................................. 24 
3．5．3  迫零判决反馈检测器......................................... 25 
参考文献 ..................................................................................... 26 
第四章   多载波 CDMA...........................................27 
4．1  多载波传输技术 ............................................................. 27 













4．1．2  多载波调制的优点与缺点................................. 28 
4．2  正交频分复用（OFDM）基本原理 ............................. 29 
4．2．1  无线移动多径信道的频域模型......................... 29 
4．2．2  OFDM基本原理和频域模型 ............................ 30 
4．3  多载波 CDMA的基本原理 ........................................... 34 
4．4  多载波 CDMA系统 ....................................................... 36 
4．4．1   MC－CDMA方案 ........................................... 36 
4．4．2   MC－DS－CDMA方案 .................................. 37 
4．4．3   MT－CDMA方案............................................ 37 
参考文献 ..................................................................................... 39 
第五章  基于多载波的多用户检测技术..................41 
5．1  MC-DS/CDMA系统中最小均方误差多用户判决      
反馈检测器 ................................................................................. 41 
5．1．1  系统模型............................................................. 41 
5．1．2  系统分析............................................................. 43 
5．1．3  合并方式............................................................. 46 
5．1．4  仿真结果............................................................. 48 
5．1．5  结论..................................................................... 50 
5．2  二进制相移键控（BPSK）调制的MC-DS/CDMA       
系统中改进的线性多用户检测器 ................................. 50 
5．2．1  引言..................................................................... 50 
5．2．2  系统模型............................................................. 51 
5．2．3  系统分析............................................................. 52 
5．2．4  合并方式............................................................. 54 
5．2．5  仿真结果............................................................. 57 
5．2．6  结论..................................................................... 59 
















Chapter1  Introduction..............................................1 
1．1 The new developments of mobile communication ............... 1 
1．2 The main problems of wide band CDMA............................. 2 
1．3 Multicarrier CDMA technologies ......................................... 2 
1．4 The principles of multiuser detection.................................... 3 
1．5 Construction of this paper ..................................................... 4 
References...................................................................................... 5 
Chapter2  CDMA technologies .................................6 
2．1  The principles and characteristics of CDMA..................... 6 
2．1．1 The principles of CDMA.......................................... 6 
2．1．2 The characteristics of CDMA.................................  7 
2．2  The analysis of CDMA .................................................... 10 
References.................................................................................... 15 
Chapter3  The summarization of multiuser 
detection ................................................16 
3．1 The signal model of multiuser detection............................. 17 
3．2 Traditional detectors............................................................ 17 
3．3 Optimum multiuser detector ............................................... 19 
3．4 Linear multiuser detectors................................................... 20 
3．4．1 Decorrelating detector ............................................ 21 
3．4．2 MMSE detector ...................................................... 22 
3．4．3 Linear multilevel detector ...................................... 22 
3．5  Nonlinear multiuser detectors .......................................... 23 
3．5．1 Successive cancellation .......................................... 23 
3．5．2 Parallel cancellation ............................................... 24 
3．5．3 Zero-force decision-feedback detector ................... 25 
References.................................................................................... 26 
Chapter4  Multicarrier CDMA ..............................27 
4．1 Multicarrier communication ............................................... 27 














4．1．2 The advantage and disadvantage of multicarrier 
modulation............................................................. 28 
4．2 The principle of OFDM ...................................................... 29 
4．2．1 The frequency-area model of mobile communication
............................................................................... 29 
4．2．2 The frequency-area model and principle of OFDM30 
4．3 The principle of multicarrier CDMA .................................. 34 
4．4 Multicarrier CDMA systems............................................... 36 
4．4．1 MC－CDMA.......................................................... 36 
4．4．2 MC－DS－CDMA................................................. 37 
4．4．3 MT－CDMA .......................................................... 37 
References.................................................................................... 39 
Chapter5  The multiuser detection based on 
multicarrier technology .......................41 
5．1  MMSE multiuser decision-feedback detectors for 
MC-DS/CDMA................................................................ 41 
5．1．1 System model ......................................................... 41 
5．1．2 System analysis ...................................................... 43 
5．1．3 Manners of coalation .............................................. 46 
5．1．4 Simulation results ................................................... 48 
5．1．5 Conclusion.............................................................. 50 
5．2  The improved linear multiuser detector in BPSK-modulated 
MC-DS/CDMA systems .................................................. 50 
5．2．1 Introduction ............................................................ 50 
5．2．2 System model ......................................................... 51 
5．2．3 System analysis ...................................................... 52 
5．2．4 Manners of coalation .............................................. 54 
5．2．5 Simulation results ................................................... 57 






































































Code-division multiple access (CDMA) communication system is a 
self-interfering system. Multiple access interference (MAI) is a main cause that 
limits the improvement of system performance and capacity. By analyzing signals 
from all users comprehensively, multi-user detection can greatly reduce multiple 
access interference and improve system performance and capacity. As a hotspot of 
the 4th generation mobile communication system, multi-carrier CDMA is very 
suitable for the wireless Wide Band. Because the bandwidth of each sub-carrier is 
narrow, the fading of each sub-carrier is frequency-nonselective Rayleigh fading 
and the multi-carrier modulation can resist the frequency-selective fading in the 
wireless mobile channels. In this paper we research the multi-user detection 
(MUD) based on multi-carrier. It is divided into four parts. 
 First of all, the principle and characters of CDMA system are presented. Then 
we analyze the transmitter and receiver signal model of CDMA system. It is 
appointed that the low power user maybe seriously interfered by strong power 
users for near-far effect and then it is necessary to employ the MUD research. 
 Secondly, we summarize several kinds of MUD schemes. Because the 
realization complexity of the optimal multi-user detector is too high, we introduce 
some sub-optimal schemes, including linear multi-user detectors and nonlinear 
multi-user detectors. 
 Thirdly, we discuss the advantage and disadvantage of multi-carrier 
modulation and the principle of orthogonal frequency division multiplexing 
(OFDM). The principle and performance analysis of MC-CDMA, MC-DS/CDMA 
and MT-CDMA systems are also presented. 
 Fourthly, we present the minimum mean-squared error (MMSE) multi-user 
decision-feedback detectors for MC-DS/CDMA, which are of better performance 













random process, the performance of classical linear multi-user detectors (i.e., the 
decorrelating (DEC) and the MMSE multi-user receivers) would be worsened. So 
we present the improved linear multi-user detectors in BPSK-modulated 
MC-DS/CDMA systems, which exploit the information contained in the 
pseudo-autocorrelation function of the observables and are of better performance 
than classical DEC and MMSE receivers. 
 
Key Words:  Code-Division Multiple Access (CDMA); Multiple Access 
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